Abstract: An investigation has been made of dependence of marking contrast on surface roughness, spacing between hatches (that is the pitch between hatches) and the speed for products made of tool steel. Experiments made concern pulse laser CuBr utilizing МОРА system.
INTRODUCTION
Laser marking is a method for labeling various kinds of objects using a laser [1, 2] . Marking of products becomes of ever greater importance given the context of global manufacture and trade. It allows quality and manufacturing process control along its entire line from input to output. On the market level marking allows making claims against manufacturers thus getting to the concrete faulty element whenever flaws and defects are found in the products.
Markings facilitate and simplify the activities of all participants in the processing sequence such as manufacturers, suppliers, carriers, customs offices, retailers, international and local control bodies, consumers.
Quality of marking is of great importance while handling products in warehouses, sales outlets etc. This underlies the effective work of bar and matrix code readers. A principal requirement for long lasting of marking and its subsequent retention during the period of operation is obtaining of high contrast. Therefore, it is necessary to investigate certain factors affecting marking contrast.
The paper studies an impact of surface roughness R a , pitch Δx and speed of marking v upon contrast k * and henceforth upon the quality of laser marking for samples made of tool steel.
PRESENTATION
Laser marking can be divided into raster and vector type depending on the image generation [3] .
Due to the introduction of matrix and bar codes as obligatory, the recent years saw the predominant use of the raster type of marking. This is why the experiments carried out within this investigation have been directed toward clearer understanding of the impact of certain factors upon marking contrast when that particular method is utilized.
Vector type marking is effected through inscribing symbols or by means of contour generation (Fig. 1а) .
With raster marking the image is generated by means of marking of sequential lines at a preset pitch Δx - fig. 1b . This method is employed for larger dimensions of the surface being marked (such as company logo, matrix codes etc).
In real practice a combination of both methods is often used. In this way it is possible to mark any kind of inscription: character-digital, graphic, symbols, bar codes and 2D codes, etc. It should be noted that 2D codes are a serious barrier for rogue companies and to a large extent contribute to the overall success in combating counterfeit products.
A basic factor in marking contrast is a ratio between the perceived marked surface and its background. It depends on the intensity of the brightest and darkest sections. Contrast is expressed by Roughness may arise from various reasons mostly connected with the type of surface treatment, surface geometry, the state of the processing tool, operational mode, type and structure of the processed material, etc. The total number of rough points which shape the surface relief and are evaluated for a certain section which does not contain distortions in shape and waviness, is referred to as surface roughness. Surface roughness of machine parts impacts their operational performance as well. A series of experiments have investigated the impact of surface roughness R a upon the contrast k* of laser marking.
Samples of rapid steel type Р6М5К5 have been used, with different roughness, that decreases from sample 1 to sample 5 (see fig. 3 ). The marking mode includes: Power density of laser radiation q S = 8,49. 4 presents the resultant dependency of the contrast k* on roughness Ra. It is evident from the analysis that the surface roughness R a of the sample slightly affects the contrast k* of the marking. The variation of contrast k* for the interval of roughness under investigation is below 2% which in turn does not impact the quality of marking especially when using reading scanners to obtain data from 2D codes. This conclusion is also confirmed by the visual perception of the samples' contrast in Fig. 4 .
Roughness of samples for the interval under investigation does not substantially affect the contrast of marking. This is one of the fundamental conclusions following the investigations. Ensuing analysis of results indicates that laser marking employing raster method does not necessitate additional grinding of the product or the deposition of any coating in order to obtain marking of better contrast. In this way lower cost and greater effectiveness are achieved. Investigation of the impact of speed v upon the marking contrast k* The speed of marking is a very important manufacturing parameter for the process of laser marking of products; the higher the speed of marking, the lesser the time interval needed for marking of a product. In this way better cost effectiveness and time economy are achieved. These considerations are supported only in case of markings of clear cut contrast with good quality laser markings to be achieved. Page 17 of 17 duces marking contrast with 22,4%. The contrast is twice greater than the lower limit at which it is still possible to read the information contained in the DATA MATRIX code and according to [6] k* = 20,0%. With these parameters of marking, the range of marking speeds is v Є [25, 150] mm/s for which the decrease in contrast sharpness does not break the permissible limit needed for computerized data processing (by means of reading scanners). This investigation makes observation of a limited number of factors affecting quality in laser marking of products made of tool steel. The role of other factors which impact the process of laser marking such as power density of laser radiation, absorption capacity of material (that is the coefficient of reflection), coefficient of overlapping, number of repetitions in inscribing lines etc, will be the subject of another investigation on our part.
